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•
Smallholder cattle producers in Tanzania
• Tanzania has one of the largest, about 21.3 million heads, 
cattle populations in Africa.
• Cattle make significant contribution to the economy of 
Tanzania, particularly rural economy.
• Majority (97%) of cattle herds in Tanzania consist of non-
dairy low productive, in respect of milk production, 
indigenous East African short horn zebu. 
Baseline report (2014)
Production systems
• Dairy cattle production system in Tanzania is characterized by 
intensive and extensive systems. 
• Intensive production system is characterized by the use of 
more productive cross breed cattle.
• Extensive production system is characterized by less 
productive local breed cattle.
Baseline report (2014)
Purpose
In this study we attempt to analyze the dairy value chain in 
Kilosa district (study site: 106 households; about 5,000 heads of 
cattle) in Tanzania to improve challenges encountered by 
producers in an extensive dairy system of Kilosa. 
Kilosa district is characterized by extensive dairy production 
system (majority local breed cows) with key challenges:
1. Low productive cows and low milk production.
2. Limited market access (only rural market).
Baseline report (2014)
Research questions
• Are there transition mechanisms for  extensive pre-
commercial dairy farmers to become intensive and more 
commercial?
• Is there a “dairy market hub” solution to Tanzania dairy 
extensive pre-commercial systems?
Method
“System dynamics (SD) is a computer-aided approach to policy 
analysis and design.  It applies to dynamic problems arising in 
complex social, managerial, economic, or ecological systems —
literally any dynamic systems characterized by interdependence, 
mutual interaction, information feedback, and circular causality.”
System dynamics society
Central concepts of SD modelling
• Stocks (accumulation)
• Flows (change overtime – rate/time unit)
• Feedback loops (circular causality)
Equivalent representation of stocks & flows
Sterman (2000)
Portrayal of our the dairy value chain 
in Kilosa
Intervention scenarios (red)
& profit calculation (green)
Baseline and simulation scenarios
• Scenario 1 (baseline): We run the model based on baseline data to provide a 
benchmark to compare performance of intervention scenarios. Market share: 62% 
of produced milk is consumed at producer’s home, 15% is sold to local traders, and 
23% is sold to local consumers (mostly neighbors).
• Scenario 2: We assume that producers implement artificial insemination (AI) to 
improve cattle breeds to increase milk productivity. We assume that producers 
inseminate 50% of their breeding cows with AI per year starting from 2016 (week 
52). The cost of AI per service is 18 USD. The success rate of AI is 60%. 
• Scenario 3: This scenario is the same as scenario 2 except we assume producers 
establish a milk market hub to collect surplus milk and transport milk to processors 
and urban traders. 
Simulation results 
(1: baseline; 2:Scenario 2; 3: Scenario 3)
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production
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breed (%total 
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milk traded to 
milk market hub 
(liter)
Milk traded to 
processors (liter)
2 vs.1 18% -10% 13% 42% NA NA
3 vs.1 18% 14% 13% 42% 197,404 157,903
Indicates that AI 
without improved
market access 
does not pay off
Indicates in 2025, 42% 
of total cattle 
population became
Improved cross breed
Indicates in 
scenarios 2 & 3 
producers 
consumed 13% 
more milk 
relative to 
baseline
Indicate total volume
milk traded through 
milk market hub 
and processors
Conclusion
• This paper presented a dairy value chain model representing the Kilosa region of 
Tanzania.
• Our model results highlight the importance of artificial insemination (AI) to 
increase production  and milk market hub to improve dairy producer’s access to 
the market and milk consumption at producer’s household. 
• Bundling AI use and hub for collective bulking and marketing could greatly help 
the transition from extensive pre-commercial production to more commercial 
intensive semi-commercial dairying in Kilosa district of Tanzania
Next steps and further 
research
(1) How can AI be made more accessible and affordable to 
smallholder producers? 
(2) Evaluate supplementary feed and animal health service needs to 
evaluate the possibility of a sustainable transition to intensive dairy 
value chains. 
(3) Assess and incorporate the costs to developing and maintaining 
milk market hubs.
(4) Evaluate value-adding mechanisms: e.g.  processed products such 
as fermented milk or ‘Mtindi’, yogurt, butter, and cheese. 
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